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Semiconductor device with surface integrated focusing element

The semiconductor device comprises a semi-

conductor substrate (1), a sensor or sensor array (2) ar-
ranged at a main surface (10) of the substrate, an inte-
grated circuit (3) arranged at or above the main surface,
and a focusing element (4) formed within a further main

surface (11) of the substrate opposite the main surface.
The focusing element is preferably arranged opposite
the sensor or sensor array (2), which may be a photo-
sensor or photodetector or an array of photosensors or
photodetectors, for instance.
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Description

[0001] The invention relates to wafer-level integration
of focusing elements in semiconductor devices like opti-
cal sensors. Conventional focusing elements, usually
lenses, are discrete elements arranged in the package
of the device. They require a lot of space and increase
the packaging costs.

[0002] US 2008/0237761 A1 discloses a system and
a method for enhancing light sensitivity of a back-side
illumination image sensor. An integrated circuit includes
a substrate and an image sensor device comprising at
least one transistor formed over a first surface of the sub-
strate and a photosensitive region. A color filter is dis-
posed over an opposite second surface of the substrate.
A micro-lens structure is disposed between the second
substrate surface and the color filter.

[0003] US 2005/0212132 A1 discloses a chip package
including a rigid cover disposed above the active surface
of the chip to protect the chip and to enhance the struc-
tural strength of the chip package. The rigid cover expos-
es a plurality of bond pads, which are arranged on the
active surface of the chip and carry conductive bumps.
The height of the bumps above the surface is larger than
the height of the rigid cover.

[0004] Itisan objectofthe presentinventiontodisclose
a semiconductor device with a focusing element that
does not essentially increase the height of the device and
is suitable for wafer-level production. It is a further object
of the invention to disclose a method of producing such
a device. This object is achieved with the semiconductor
device according to claim 1 and with the method of pro-
ducing a semiconductor device according to claim 11.
Embodiments and variants derive from the dependent
claims.

[0005] The focusing element is formed within the rear
surface of a semiconductor substrate or wafer with inte-
grated components, which can be manufactured at the
front side by a standard CMOS process, for instance.
The focusing element does not occupy an additional vol-
ume of the device. Manufacturing requires only few ad-
ditional process steps. The invention can be applied to
sensor devices conventionally comprising a lens (infra-
red sensors, for instance) as a compact and cheap way
of implementing integrated optics. The performance of
many sensor devices (especially photodiodes, for in-
stance) can be enhanced by the focusing element. The
proposed invention is especially favourable in conjunc-
tion with photosensors that detect radiation in a wave-
length range where silicon is transparent (typically infra-
red radiation).

[0006] The semiconductor device comprises a semi-
conductor substrate, a sensor or sensor array arranged
at a main surface of the substrate, an integrated circuit
arranged at or above the main surface, and a focusing
element formed within a further main surface of the sub-
strate opposite the main surface. The focusing element
is preferably arranged opposite the sensor or sensor ar-
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ray, which may be a photosensor or photodetector or an
array of photosensors or photodetectors, for instance.
[0007] The integrated circuit may be arranged in the
semiconductor substrate.

[0008] Bump contacts may be arranged at or above
the main surface of the semiconductor substrate. The
bump contacts can be provided for external electrical
connections.

[0009] Inanembodimentofthe semiconductor device,
the focusing element is a diffracting element.

[0010] In a further embodiment, the focusing element
is a zone plate comprising a set of radially symmetric
Fresnel zones.

[0011] In a further embodiment, a covering layer is
present on the focusing element to generate a phase
shift zone plate.

[0012] In a further embodiment, the focusing element
is a Fresnel lens.

[0013] In a further embodiment, a cover is arranged at
or above the main surface to cover the sensor or sensor
array or a cavity wherein the sensor or sensor array is
arranged, and openings are provided in the cover for the
accomodation of bump contacts. The integrated circuit
may be arranged in the cover.

[0014] The method of producing a semiconductor de-
vice with focusing element comprises arranging a sensor
or sensor array at a main surface of a semiconductor
substrate, providing an integrated circuit at or above the
main surface, and etching a focusing element in a further
main surface of the substrate opposite the main surface.
[0015] Ina variant of the method, the focusing element
is etched in the shape of a zone plate or Fresnel lens.
[0016] In a further variant of the method, a cover is
applied to the main surface, before the focusing element
is etched. The cover is preferably rigid and can be a fur-
ther semiconductor substrate or wafer, for instance,
which may comprise the integrated circuit. The cover can
be provided to cover the sensor or sensor array or a cavity
wherein the sensor or sensor array is arranged.

[0017] In a further variant of the method, the cover is
provided with openings for bump contacts. The bump
contacts can be provided for external electrical connec-
tions.

[0018] The following is a detailed description of exam-
ples of the semiconductor device and of examples of the
method for producing the semiconductor device.

is a cross section of an embodiment of the
semiconductor device comprising a sensor
or sensor array.

Figure 1

is a cross section of a further embodiment
of the semiconductor device comprising a
cover above the sensor or sensor array.

Figure 2

is a cross section of a further embodiment
of the semiconductor device comprising an
integrated circuit arranged in a cover above

Figure 3
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the sensor or sensor array.
Figure 4 is a top view of the embodiment shown in
Figure 1.

Figure 5 is a top view of a further embodiment.

Figure 6 is a cross section of anintermediate product
of a method of producing the semiconduc-
tor device.

Figure 7 is a cross section according to Figure 6 in
a state during etching of the focusing ele-
ment.

Figure 8 is a cross section according to Figure 7 after
the etching process.

Figure 9 is across section of anintermediate product
according to Figure 6 for a further embodi-
ment.

Figure 10  isacrosssection according to Figure 9 after
the application of a cover above the sensor
or sensor array.

Figure 11  is a cross section according to Figure 10 in
a state during etching of the focusing ele-
ment.

Figure 12  is a cross section according to Figure 11
after the etching process.

Figure 13  isacrosssectionof anintermediate product
according to Figure 9 for a further embodi-
ment.

Figure 14 is a cross section according to Figure 13
after the application of a cover with an in-
tegrated circuit.

Figure 15 is a cross section according to Figure 14 in
a state during etching of the focusing ele-
ment.

Figure 16  is a cross section according to Figure 15
after the etching process.

Figure 1 is a cross section of an embodiment of the sem-
iconductor device comprising a semiconductor substrate
1 with a main surface 10 and a further main surface 11
opposite the main surface 10. A sensor or sensor array
2, which may be a photodetector or an array of photode-
tectors, for instance, and an integrated circuit 3 are ar-
ranged at or near the main surface 10. The integrated
circuit 3 can be provided for the operation of the sensor
or sensor array 2. Details of the sensor or sensor array
2 and of the integrated circuit 3 are not essential and are
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not represented in the figures.

[0019] A focusing element 4 is arranged within the fur-
ther main surface 11, preferably in a position opposite
the sensor or sensor array 2. A wiring layer 5, which may
comprise several structured metal layers embedded in
intermetal dielectric, can be provided on the main surface
10 as a wiring of the integrated circuit 3. Optional bump
contacts 6, which may be solder balls, for instance, can
be arranged on contact areas or pads of the wiring layer
5 to provide external electrical connections. The semi-
conductor device can be mounted on a board 7, which
may be a printed circuit board (PCB), for instance, by
connecting the bump contacts 6 to contact areas or pads
of the board 7.

[0020] As the focusing element 4 is formed within the
further main surface 11, it does not require any additional
volume, and the dimensions of the semiconductor device
are therefore extremely small. The focusing element 4
can be provided with a covering layer 16, which may be
an antireflective coating (AR), for instance. The focusing
element 4 can be formed as a diffracting element, in par-
ticular as a zone plate comprising a set of radially sym-
metric Fresnel zones, which are spaced to generate con-
structive interference at the desired focus. Zone plates
and theirapplication to semiconductor devices are known
per se. The Fresnel zones of the focusing element 4 are
formed by concentric circular trenches of suitably varying
diameters, widths and distances. A covering layer 16 of
a suitable refractive material can be applied to fill the
trenches, as shown in Figure 1, in order to produce a
phase shift zone plate, wherein half wavelength phase
delays are created between adjacent ring zones. The
elevated regions located between the trenches can be
provided with suitably sloping surfaces to form a Fresnel
lens, whichis also known per se from conventional optical
devices and need not be described in detail.

[0021] A plurality of semiconductor devices as shown
in Figure 1 can be produced on a wafer. A front side of
the wafer is processed to form the sensors and the ap-
pertaining electronic circuits, which may especially be
CMOS circuits, and the backside of the wafer is etched
to produce focusing elements for each of the sensors or
sensor arrays. An arrangement of a plurality of sensors
in an array can especially be applied forimage detection,
for example. In this case a plurality of focusing elements
may be arranged in a corresponding array opposite the
sensors forming the array.

[0022] Figure 2 is a cross section of a further embod-
iment of the semiconductor device. Elements of the em-
bodiment according to Figure 2 that correspond to ele-
ments of the embodiment according to Figure 1 are des-
ignated with the same reference numerals. The embod-
iment according to Figure 2 comprises a cover 8 on or
above the main surface 10 of the semiconductor sub-
strate 1. The cover 8 is preferably rigid and may be a
further semiconductor substrate or wafer, for instance. If
the sensor or sensor array 2 is arranged in a cavity 12
of the substrate 1, the cover 8 can be provided to cover
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or close the cavity 12. If external electrical connections
are to be formed by bump contacts, openings 9 are pro-
vided in the cover 8 for the accomodation of the bump
contacts 6. The height of the bump contacts 6 has to
exceed the height of the cover 8 at least slightly to allow
the bump contacts 6 to be connected to contact areas or
pads of the board 7. The depth of the openings 9 is typ-
ically not larger than about 100 pm.

[0023] Figure 3 is a cross section of a further embod-
iment of the semiconductor device. Elements of the em-
bodiment according to Figure 3 that correspond to ele-
ments of the embodiment according to Figure 2 are des-
ignated with the same reference numerals. The embod-
iment according to Figure 3 comprises a cover 8 on or
above the main surface 10 of the semiconductor sub-
strate 1. The cover 8 is a further semiconductor substrate
of wafer, which is provided with an integrated circuit 13.
The substrate 1 may also comprise an integrated circuit
3, as in the embodiment according to Figure 2. Instead,
the integrated circuit 13 of the cover 8 may be the only
integrated circuit, as shown in the example of Figure 3.
If no integrated circuit 3 is required in the substrate 1, the
lateral dimensions of the semiconductor device are ex-
tremely small. This is especially advantageous if the lat-
eral dimensions of the sensor or sensor array 2 are to be
larger than in the examples shown in Figures 1 and 2.
[0024] Figure 4 is a top view of the embodiment ac-
cording to Figure 1 or 2. A single semiconductor device
is mounted on the board 7. The hidden contours of the
integrated circuit 3 arranged in the semiconductor sub-
strate 1 and of the bump contacts 6 are indicated with
broken lines. In the embodiment according to Figure 1
or 2 and Figure 4, the integrated circuit 3 surrounds the
sensor or sensor array 2, which is located opposite the
focusing element 4. In Figure 4 the focusing element 4
is represented as a zone plate, but other structures are
not meant to be excluded. The dash-dotted diagonal line
indicates the position of the cross sections of Figures 1
and 2.

[0025] Figure 5is a top view of a further embodiment,
which differs from the embodiment according to Figure
4 in the arrangement of the integrated circuit 3. In the
embodiment according to Figure 5, the integrated circuit
3 is confined to one side of the sensor or sensor array 2.
The arrangement of the integrated circuit 3 may be varied
according to individual requirements. The number and
positions of the bump contacts 6 may also vary.

[0026] Methods of producing a semiconductor device
with focusing element are described in the following in
conjunction with Figures 6 to 16, which are cross sections
of typical intermediate products of the described meth-
ods.

[0027] Figure 6 is a cross section of a semiconductor
substrate 1 provided with the sensor or sensor array 2
and the integrated circuit 3 at the main surface 10. The
semiconductor substrate 1 may be part of a wafer, where-
in a plurality of sensors or sensor arrays 2 and a plurality
ofintegrated circuits 3 are produced for a plurality of sem-
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iconductor devices. The integrated circuit 3 may be pro-
duced in a CMOS process, for example. A wiring layer 5
can be applied as usual by an arrangement of structured
metal layers with dielectric material in between and with
vertical electrical connections formed by plugs, for ex-
ample. The details of the wiring layer 5 are not relevant
to the invention and are therefore omitted.

[0028] Figure 7 is a cross section according to Figure
6 for a later stage of the method and shows the etching
of the focusing element. To this end, a mask 14, which
may be aresist mask, forinstance, is applied to the further
main surface 11 opposite the main surface 10. The mask
14 has openings in the regions where the trenches form-
ing the focusing element are to be etched. In Figure 7
the attack of the etching agent is indicated with arrows
pointing downwards.

[0029] Figure 8 is a cross section according to Figure
7 after the etching step. When the trenches of the focus-
ing element 4 have reached their final depths, the etching
process is stopped and the mask 14 is removed. Then
the optional covering layer 16 and/or the optional bump
contacts 6 can be applied. The wafer can subsequently
be divided into single semiconductor devices, which can
be mounted on a board 7 according to Figure 1.

[0030] Figure 9 is a cross section according to Figure
6 for an embodiment according to Figure 2. A cavity 12
is etched into the main surface 10 of the semiconductor
substrate 1, and the sensor or sensor array 2 is arranged
in the cavity 12.

[0031] Figure 10 is a cross section according to Figure
9 after the application of a cover 8, which can be a rigid
cover like a further substrate or wafer, for example. The
cover 8 is arranged on or above the main surface 10 and
can especially be bonded to the wiring layer 5 by a con-
ventional bonding process, for example. A dedicated
bonding layer, which may be an oxide of the semicon-
ductor material, for instance, may be applied between
the wiring layer 5 and the cover 8 for this purpose. Figure
10 shows how the cover 8 covers or closes the cavity 12.
The cover 8 can be provided with recesses 15 for the
accomodation of optional bump contacts.

[0032] Figure 11 is a cross section according to Figure
10 for a later stage of the method and shows the etching
of the focusing element. The elements of the cross sec-
tion of Figure 11 that correspond to elements of the cross
section of Figure 10 are designated with the same refer-
ence numerals. Figure 11 shows the mask 14 with open-
ings in the regions where the trenches forming the focus-
ing element are to be etched. The attack of the etching
agent is indicated with arrows pointing downwards.
[0033] Figure 12 is a cross section according to Figure
11 after the etching step. The mask 14 has been re-
moved. The recesses 15 can be opened by thinning the
cover 8 to the level indicated in Figure 12 by the dotted
line. This may be performed by grinding the cover 8 back,
for example, until the intended thickness is obtained.
Bump contacts 6 can be arranged in the opened recesses
15. The wafer is then divided into single semiconductor
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devices, which can be mounted on a board 7 according
to Figure 2.

[0034] Figure 13is a cross section according to Figure
9 for the embodiment according to Figure 3. A cavity 12
is etched into the main surface 10 of the semiconductor
substrate 1, and the sensor or sensor array 2 is arranged
in the cavity 12. In this embodiment it is not necessary
to integrate an electronic circuit in the semiconductor
substrate 1 for the operation of the sensor or sensor array
2. However, an integrated circuit 3 may be provided in
the semiconductor substrate 1 as in the embodiment ac-
cording to Figure 2 and Figures 9 to 12.

[0035] Figure 14 is a cross section according to Figure
13 after the application of a cover 8, which is provided
with the integrated circuit 13 for the operation of the sen-
sor or sensor array 2. The cover 8 is preferably a further
substrate or wafer, for example, and the integrated circuit
13 may be arranged opposite the sensor or sensor array
2. The cover 8 can be bonded to the wiring layer 5 by
any conventional bonding process, for example. A ded-
icated bonding layer, which may be an oxide of the sem-
iconductor material, for instance, may be applied be-
tween the wiring layer 5 and the cover 8 for this purpose.
Figure 14 shows how the cover 8 covers or closes the
cavity 12. The cover 8 can be provided with recesses 15
for the accomodation of bump contacts as in the method
according to Figures 9 to 12.

[0036] Figure 15is a cross section according to Figure
14 showing the etching of the focusing element. The el-
ements of the cross section of Figure 15 that correspond
to elements of the cross section of Figure 14 are desig-
nated with the same reference numerals. Figure 15
shows the mask 14 with openings in the regions where
the trenches forming the focusing element are to be
etched. The attack of the etching agent is indicated with
arrows pointing downwards.

[0037] Figure 16is a cross section according to Figure
15 after the etching step. The mask 14 has been re-
moved. The recesses 15 can be opened by thinning the
cover 8 to the level indicated in Figure 16 by the dotted
line as in the method according to Figures 9 to 12. Bump
contacts 6 can be arranged in the opened recesses 15.
The wafer is then divided into single semiconductor de-
vices, which can be mounted on a board 7 according to
Figure 3.

[0038] The described invention allows the fabrication
of an integrated focusing element at low cost. It can be
employed in many applications to increase the intensity
of the radiation impinging on the photosensor and to en-
hance the performance of the photosensor accordingly.

List of reference numerals

[0039]

1 semiconductor substrate
2 Sensor or Sensor array

3 integrated circuit
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4 focusing element
5 wiring layer

6 bump contact
7 board

8 cover

9 opening

10  main surface

11 further main surface

12 cavity

13  integrated circuit
14  mask

15  recess

16  covering layer

Claims
1. A semiconductor device, comprising:

- a semiconductor substrate (1) with a main sur-
face (10) and a further main surface (11) oppo-
site the main surface (10),

- a sensor or sensor array (2) arranged at the
main surface (10),

- an integrated circuit (3, 13) arranged at or
above the main surface (10), and

- a focusing element (4) arranged at the further
main surface (11),

characterized in that

- the focusing element (4) is formed within the
further main surface (11).

2. The semiconductor device of claim 1, wherein the
sensor or sensor array (2) is a photosensor or pho-
todetector or an array of photosensors or photode-
tectors.

3. The semiconductor device of claim 1 or 2, wherein
the focusing element (4) is a diffracting element.

4. The semiconductor device of one of claims 1 to 3,
wherein the focusing element (4) is azone plate com-
prising a set of radially symmetric Fresnel zones.

5. The semiconductor device of claim 4, further com-
prising: a covering layer (16) on the focusing element
(4), the covering layer (16) generating a phase shift
zone plate.

6. The semiconductor device of claim 1 or 2, wherein
the focusing element (4) is a Fresnel lens.

7. The semiconductor device of one of claims 1 to 6,
further comprising:

bump contacts (6) arranged at or above the main
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surface (10) of the semiconductor substrate (1).

The semiconductor device of one of claims 1 to 7,
wherein the integrated circuit (3) is arranged in the
semiconductor substrate (1).

The semiconductor device of one of claims 1 to 8,
further comprising:

a cover (8) arranged at or above the main sur-
face (10), and

openings (9) in the cover (8) being provided for
bump contacts (6).

The semiconductor device of claim 9, wherein the
integrated circuit (13) is arranged in the cover (8).

A method of producing a semiconductor device with
focusing element, comprising:

- arranging a sensor or sensor array (2) ata main
surface (10) of a semiconductor substrate (1),
and

- providing an integrated circuit (3, 13) at or
above the main surface (10),

characterized in that
- a focusing element (4) is etched in a further
main surface (11) of the substrate (1) opposite
the main surface (10).
The method of claim 11, wherein the focusing ele-
ment (4) is etched in the shape of a zone plate or
Fresnel lens.

The method of claim 11 or 12, further comprising:

applying a cover (8) to the main surface (10),
before the focusing element (4) is etched.

The method of claim 13, wherein the cover (8) is
provided with the integrated circuit (13).

The method of claim 13 or 14, wherein the cover (8)
is provided with openings (9) for bump contacts (6).
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